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ABSTRACT 
 
Reef fish species tend to reside over high relief habitat which makes them difficult to sample 
with traditional gears such as nets and trawls.  Therefore, implementing and understanding the 
strengths and weaknesses of new approaches which incorporate acoustic and optical methods has 
become a priority for reef fish stock assessment. Beginning in June of 2013, a towed camera system 
known as the Camera-Based Assessment Survey System (C-BASS) has been used to visualize over 
500 kilometers of transect and record more than 80 hours of video over several habitats in the Gulf 
of Mexico.  Surveys have been completed on the West Florida Shelf in the Florida Middle Grounds 
(FMG), Madison-Swanson (MS) and Steamboat Lumps (SL) closed areas.  High resolution 
multibeam bathymetry is available for these areas and was important for the deployment of C-BASS 
which is towed just above the seafloor (2-3 meters above the bottom).  This system can facilitate 
regular surveys of fishes which inhabit untrawlable bottom types (e.g. reefs, pinnacles, boulders) and 
within habitats where lethal, extractive techniques are prohibited such as in protected areas.  To 
address potential biases resulting from fish reactions towards C-BASS, observed reactive behavior 
was analyzed in addition to far-field reactive behavior towards C-BASS using stationary camera 
pods.    Most fish observed on C-BASS imagery exhibited weak negative or neutral behavior at 
proportions of 49% and 38%, respectively.  Of those fish which did negatively react to C-BASS, 
almost all movement was in the 180° and 0° directions (right and left) relative to the tow body’s 
movement.  Preliminary results from the direct observation (far-field) experiments also 
demonstrated a general lack of reactive behavior as C-BASS was towed nearby with no significant 
decreases in mean abundance of fishes between the periods before, during and after C-BASS was 
vii 
 
towed over an area (95% confidence level).  Although behavioral reactions are species-specific, 
results indicate that the system may not greatly deter the species of interest (i.e. snappers, groupers, 
porgies, lionfish, and amberjacks) in this study.  Density estimates and subsequent first-order total 
abundance estimates were also developed for stratified habitat types in the FMG and MS.  Overall 
abundance estimates were greater in 2014 than in 2013 which likely were a result of increased 
illumination, improvements to video quality, and lower chlorophyll and turbidity levels in 2014.  
With minor improvements and further behavior analysis, it is expected C-BASS can provide 
accurate, precise abundance estimates of target reef fish species for management purposes. 
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CHAPTER ONE: 
INTRODUCTION 
 
Underwater Visual Census and Fisheries Independent Surveys 
 
The Gulf of Mexico (GOM) supports a substantial coastal economy comprised primarily of 
tourism, oil and gas production, and fishing industries.  Commercial and recreational fisheries in this 
area are especially valuable with operations generating more than $10.6 billion per year in revenues 
and directly supporting over 168,000 jobs (NMFS 2012).  Accordingly, fisheries management in the 
Gulf is a challenging task.  Annual catch limit (ACL) decisions require a scientific basis, the results of 
which are highly controversial.  One of the most contested aspects of management is the 
establishment of fisheries quotas, the limits to which stocks can be fished every year.  Though 
overfishing of some Gulf reef species has been eliminated, the stock status of many targeted fishes 
continue to be “overfished” or “unknown” due past commercial exploitation, poorly understood by-
catch impacts and unknown aspects of their life histories (NMFS 2013).  This presents a difficult 
balance as fishermen need quotas substantial enough for profit, but catch must also be limited to 
ensure sustainable harvest and to support vibrant recreational fisheries.  Accordingly, accurate stock 
estimates and well-designed protection strategies (e.g. fisheries closed areas, quotas, size and bag 
limits) are required in order to benefit both the stakeholders and ecosystems of which they depend 
on.    
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Stock assessment is a critically important aspect of fisheries management and is based on 
fisheries independent and fisheries dependent data.  Fishery dependent data are sourced from the 
commercial and recreational sectors which target or indirectly impact (e.g. via by-catch) certain 
species.  The data collected from fisheries include catch, effort, discards, by-catch, and occasionally 
morphometrics.  For a more complete understanding of stock status, fisheries independent data are 
essential as well.  These data are generally obtained by state and/or federal agencies which design 
and carry out regular sampling programs targeting one or several species.  This group of data tends 
to be far less biased than fisheries dependent data because independent monitoring incorporates 
statistically rigorous sampling methods, samples a greater proportion of fish populations, and is not 
limited spatially or temporally by fisheries closures.   Bottom trawling and long-lining are commonly 
employed sampling techniques used to facilitate independent stock assessments (SEDAR 2007, 
SEDAR 2013).  These methods provide necessary data relating to the biometrics of fishes but are 
nevertheless extractive of potentially valuable resources.  Because of gear selectivity, population 
composition can also be misrepresented by these sampling measures (Hovgard and Lassen 2000).  
For independent monitoring of coral reef fisheries, survey technologies which employ optical 
methods have the potential to better estimate population sizes and compositions, especially those 
that occur in untrawlable, fishing restricted, or otherwise difficult to sample areas (Williams et al. 
2010).   
Optical methods for estimating reef fish abundance and community composition began with 
underwater visual census (UVC) accomplished by divers swimming along predetermined transects 
while recording fish species and respective abundances.  This method dates back to the 1950s during 
which time it was concluded that traditionally used methods, namely using fish poisons and the use 
of proxies, such as fishing success (catch per unit of effort; CPUE), to determine stock sizes needed 
to be replaced with a less destructive and more reliable method (Brock 1954).  While UVC has the 
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advantage of being non-extractive and relatively unobtrusive, a considerable drawback of using 
divers for surveys is that they are greatly restricted by water depth (maximum diving depth ~ 30 
meters).  This thus limits potential coverage of reefs in any given region using UVC.  Camera-based 
methods in assessment of fish assemblages may prove to be especially useful for extending surveys 
to encompass entire reef systems. 
Camera systems for surveying fishes have included autonomous underwater vehicles (AUVs), 
remotely operated vehicles (ROVs), stationary drop systems, and towed bodies (Mallet and Pelletier 
2014).  Autonomous underwater vehicles are programmed to follow a predetermined path and have 
the advantage of being able to very closely track the bottom.  This makes them highly suited for 
surveying benthic fishes and invertebrates and for habitat mapping.  Because AUVs are not tethered, 
and can be relatively small compared to some ROVs and towed systems, they can also be deployed 
using small vessels (Clarke et al. 2010; Singh et al. 2013) which decreases operating costs.  Being 
untethered, however, means that the coverage these systems achieve is dependent upon the duration 
for which the batteries can provide power.  For most AUVs, this is generally between 6 and 8 hours 
(Singh et al. 2013; Tolimieri et al. 2008).  Autonomous underwater vehicles are also limited in their 
coverage due to the relatively slow speeds at which they move – between 0.2-1.2 ms-1 (Tolimieri et 
al. 2008).  This last aspect can be advantageous when high resolution imagery of slow moving and 
stationary fishes and habitats are of particular interest but in order to extensively survey large reef 
tracts, an instrument capable of higher speeds would be better suited.   
Remotely operated vehicles (ROVs) have also been used in visual surveys of reef fishes (Mallet 
and Pelletier 2014).  These systems operate at low speeds and are tethered to the survey vessel by a 
fiber optic cable which also provides a real-time video feed for the operator.  These types of cables, 
however, are very fragile and costly and therefore not ideal for towing a camera system.  With a 
tether necessary for operation, the spatial coverage an ROV can achieve is also quite low compared 
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to an autonomous or towed vehicle.  When using an ROV, cost also becomes an important 
consideration; though dependent on size and configuration of the individual instrument, ROV 
operations are often costly as professionally trained personnel are required for deployment and 
control (Spencer et al. 2005).   
While new to the Gulf (Mallet and Pelletier 2014), towed camera sampling has been used 
successfully in other areas for over 30 years (Jones et al. 2009).  In the NE Atlantic, the Woods Hole 
Oceanographic Institution has been working with several iterations of their sea scallop (Placopecten 
magellicanus) visual survey system, HabCam, since 2004 (Howland et al. 2006).  The HabCam has 
since been adopted as the primary method of sampling, which was previously conducted with a 
dredge system, after proving to be a very comparable and non-destructive survey method (Gallager 
et al. 2011, Taylor et al. 2008).  Video surveys using a towed system have also been successful in 
estimating abundance and determining habitat preference of several different rockfish species in 
waters off of British Columbia (Martin and Yamanaka 2004).  This method of sampling has also 
proven to better estimate fish abundance over traditionally used survey equipment, namely trawls 
(Cailliet et al. 1999; Spencer et al. 2005; Uzmann et al. 1977).  For example, when estimates of 
abundance made from a trawl, camera sled and submersible were compared, the trawl estimates 
were significantly less than those made from both the camera imagery and by the submersible in 
more than half of the eight species comparisons made (Uzmann et al. 1977).  In another study which 
sought to evaluate flatfish abundance estimates made via a towed camera system with divers and a 
trawl, Spencer et al. (2005) also observed that the trawl produced significantly lower estimates than 
the other two survey technologies.   
In this study, a new piece of technology was used for visual sampling of reef fishes with the 
intent of eventually scaling operations up to large-scale reef fish surveys.  Known as the Camera-
Based Assessment Survey System, or C-BASS, this survey tool (Figure 1) is a tow body equipped 
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with several cameras and sensors (Lembke et al. 2013; Appendix A).  The long term goal for C-
BASS is to integrate the fish abundance and habitat data into the body of available fishery-
independent information available for reef fish stock managers.  However, C-BASS is a new type of 
survey method with unknown biases.  Therefore, the following objectives were addressed in this 
study: 
1. Quantify observed and far-field reactive behavior of fishes in relation to the presence of 
C-BASS to address potential bias from fish attraction or avoidance.  
2. Determine the feasibility of generating unbiased and precise density estimates of reef fish 
species for use in fisheries management with an emphasis on groupers, snappers, 
amberjacks, porgies and lionfish on the West Florida Shelf (WFS).  
3. Calculate first-order total abundance estimates for observed species in the Florida 
Middle Grounds and Madison-Swanson marine protected areas (MPAs) on the WFS. 
Addressing these objectives helped to determine whether C-BASS is a viable technology for 
collection of data for use in stock assessment.  The data from this system also provided the 
opportunity to calculate direct estimates of fish abundance, as compared to relative indices of 
abundance, which is an important goal of studies such as this (Cooper 2006).   
 
Uses of a Towed Camera System 
  
Baited remote underwater video (stationary video) is the primary visual technology used in fish 
abundance and assemblage surveys (Mallet and Pelletier 2014).  Though there are several types of 
technologies capable of facilitating visual sampling surveys of reef fishes, a towed camera system 
may be favored for several reasons.  Visual survey technologies, such as C-BASS, have a major 
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advantage of being non-extractive, thus the species surveyed for conservation purposes do not need 
to be extracted and sacrificed.  This may be of particular importance when surveys are completed in 
no-take MPAs.  Additionally, a towed system is able to cover relatively large areas as compared to an 
ROV or AUV, both of which move much slower compared to this system’s typical tow speed of 3.5 
knots (1.8 meters second-1).  This leads to greater sampling ability over a lesser amount of time and 
increased coverage potential of surveys.  Unlike with some other camera technologies, calculating 
density estimates of observed fish species is also possible using a towed system.  Assuming that 
counts are made over the entirety of a camera’s field of view, the width of the transect viewed in the 
imagery can be calculated.  This can be done via stereo cameras, parallel lasers, or through a series of 
trigonometrical equations using altitude of the system above bottom and camera angles (Jones et al. 
2009).  Knowing the total length of the transect, the amount of area sampled during a survey can be 
estimated as: area covered = width of transect x length of transect.  In addition to estimating reef 
fish densities, imagery can be used to assign habitat types in the area(s) being surveyed for stratifying 
population estimates by habitat type.  Imagery can also aid in ground-truthing acoustic backscatter 
and grab sampling, two common assessment techniques for benthic habitat maps.   
 
Camera-Based Assessment Survey System (C-BASS) 
 
In its configuration as of 2014, the C-BASS possessed a total of six video cameras, two of 
which were high definition (HD) cameras (Procilica and Arecont) for higher image resolution 
imagery with the remaining four cameras recording analog video (Fig. 1; Appendix A).  Two of the 
analog cameras were positioned on the port and starboard sides of C-BASS and angled slightly 
outward to increase total imagery coverage closer to 180°.  This placement aided in identification 
when fish swam away as C-BASS approached and were not in the forward looking cameras’ FOV 
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long enough for successful ID.  The two HD cameras and remaining two analog cameras faced 
forward with the latter two mounted in stereo orientation (Fig. 1).  Upon calibration following the 
method outlined by Harvey and Shortis (1995), stereo vision facilitates highly accurate 
measurements of the viewing area needed to calculate fish densities for each transect.  Though this 
process was not completed during the time of this study, it was planned for upcoming surveys 
(expected early 2015).  Stereo cameras can also produce very robust length estimates; in testing the 
accuracy of this method by comparing stereo-video measurements with actual measurements of 
southern Bluefin Tuna, Harvey et al. (2003) found that stereo-video measurements of snout to fork 
length (SNFL) and maximum body depth (MBD) had average error values of 0.16% and 0.51%, 
respectively.  This would also be expected to translate into highly accurate measurements of transect 
width which are imperative to obtain precise fish abundance estimates for a towed camera system.  
Although some studies employ lasers to interpolate fish lengths and lasers were added to C-BASS, 
the stereo camera method is favored for future work as a majority of the fish sighted did not align 
with and/or were not close enough to the lasers during operation.   With stereo cameras, the fish do 
not need to be perpendicular to the cameras for accurate measurement, but instead can be anywhere 
within the camera frame.  For length estimates with lasers, measurements are restricted to those 
individuals that cross both laser beams.   
C-BASS has also been equipped with sensors to continuously record depth, temperature, 
salinity, turbidity and chlorophyll (Lembke et al. 2013; Appendices A, B).  The latter two 
measurements are of particular interest as they impact water clarity and thus fish sighting probability.  
A major advantage of C-BASS is the way in which its power supply has been designed.  The system 
is both towed and powered using hydrowire meaning power is piped from the ship down to C-
BASS.  This means that it the system can be operated almost indefinitely which makes sampling 
technologically limited only by available data storage.   
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The species of interest in this study were snappers and groupers (Fig.2) but the abundances 
of other conspicuous reef fish species (e.g. porgies, amberjacks, and lionfish) were additionally 
estimated.  Though visual census methods have been widely used in the GOM for several years 
(Ault et al. 2013, Bohnsack and Bannerot 1986, Coleman et al. 2004, Conn 2011), C-BASS is a new 
type of visual sampling technology in this region.  Thus, much of the initial work done in this study 
was intended to provide support for its “proof-of-concept” and to test whether C-BASS will be 
useful in more spatially extensive fish abundance surveys meaning estimates of density and 
abundance presented here are not intended for management purposes. 
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Figure 1.  The Camera-Based Assessment Survey System, C-BASS with its visible components 
indicated and labeled.
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Figure 2.  Examples of imagery taken using C-BASS of Vermilion Snapper (A.) and a Red Grouper 
(B.). Positioning of fixed lasers (green dots) is demonstrated in panel B.   
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CHAPTER TWO:  
DATA COLLECTION AND METHODS 
 
Sampling Design 
 
Small-scale testing of C-BASS was conducted in three closed areas on the West Florida Shelf 
(Fig. 3): the Florida Middle Grounds (FMG) Habitat Area of Particular Concern (HAPC) and the 
Madison-Swanson (MS) and Steamboat Lumps (SL) closed areas.  These three reserves vary in the 
degree to which fishing is regulated within their boundaries but nonetheless all prohibit certain types 
of fishing (Table 1).  The data and results from these areas will be used to further develop a visual 
census technique for the GOM with the future goal of surveying large tracts throughout the entirety 
of the WFS.   
One of the most important aspects of using these areas in this study is that they have been 
surveyed using multibeam sonar to produce detailed bathymetric maps (Gardner et al. 2001; Naar et 
al. 2007).  The primary target of C-BASS surveys are reef fish which aggregate on areas containing 
structure meaning they are located over a very small portion of area on the WFS.  Therefore, a 
stratified sampling regime was necessary to concentrate effort over these areas using the multibeam 
bathymetry data for the FMG, MS, and SL which were obtained via USGS databases and Dr. David 
Naar at the University of South Florida, College of Marine Science (Gardner et al. 2001; Naar et al. 
2007).  These data were then imported into ArcMap 10.2 to view detailed bathymetric maps of each 
area (Fig. 4a, 4b, and 4c.).  Transects were then delineated such that effort was concentrated in areas 
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of higher relief where reefs containing the target species were likely to be located.  However, 
portions of each transect still bisected areas of various depths and reliefs in order to cover all 
potential habitats.  To further ensure all habitats were sampled, backscatter maps were also 
employed when designing transects (Fig. 4d, 4e, and 4f.).  Backscatter maps are useful in interpreting 
habitat differences as they depict variations in rugosity and grain size (Davis et al. 1996).   
The Florida Middle Grounds is approximately 1,300 km2 which is much larger than the other 
two study sites, Madison-Swanson and Steamboat Lumps, which each span just over 500 km2 (Table 
5).   As it is such a large expanse, sampling transects (Figs. 5 and 6) in the FMG were chosen to 
cover as much of the area as possible with some emphasis on high relief habitats in the northern 
section which were likely to contain reef fish.  Fish abundance in the FMG appears to be greatest 
where slopes are highest (Fig. 5), near reef edges, as opposed to on top of the reefs themselves.  
These observations have implications for improved survey design in which stratification of effort is 
concentrated in areas such as reef edges where the most fish appear to be in order to better sample 
the entire population.  In MS, transects were highly stratified and were oriented to largely follow the 
reef tract along the southern portion of the closed area as well as a ledge feature in the northeastern 
corner (Fig. 7).  All maps for planning purposes and in visualizing spatial data were created using the 
GIS program ArcMap 10.2 (ESRI 2013).   
 
Cruise Operations 
 
Using an A-frame winch system off the stern of the R/V Weatherbird II, C-BASS was 
deployed and towed using Conductivity, Temperature, Depth (CTD) instrument hydrowire at a 
speed of 3-4 knots and had a maximum depth rating of 200 meters (note: the components 
incorporated in this system have the potential to be changed and upgraded to withstand greater 
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pressure at depth).  The use of hydrowire provided enough power for the entire system and a DSL 
connection streamed low resolution video feeds and sensor measurements back to a shipboard 
computer during deployments.  The live stream video was used by C-BASS operators during surveys 
to fly the system and view any potential obstructions that were approaching the unit’s path.  To 
ensure the camera system flew as precisely as possible at 2-3 meters above the bottom, an altimeter 
ran contemporaneously with the video feed.   
During deployment, EK-60 sonar ran concurrent with a live feed of the ship track over 
multibeam bathymetry for the survey area in ArcMap.  The EK-60 is typically used to detect fish 
that may be around a vessel but proved useful in this study by providing a detailed view of 
oncoming obstructions.  From the time an obstruction appeared on the screen, there was generally a 
window of 1-3 minutes, depending on tow speed and amount of hydrowire out behind the vessel, 
before the tow sled reached the same point.  This gave operators adequate warning to adjust the 
altitude of C-BASS above the bottom accordingly.  
Three survey cruises using C-BASS were completed during the period in which this study 
took place.  The first was in June 2013 where the entirety of the FMG was surveyed, along with two 
transects in MS (Figs. 6, 7).  The SL closed area was first surveyed in November 2013 and focus was 
placed on this area as water clarity was extremely poor in the FMG and MS.  The most recent 
sampling cruise took place in May 2014 during which time all three areas were surveyed.  Very little 
structure exists in SL which resulted in very few fish observations, with the exception of a small area 
in the northern section containing grouper holes (Wall et al. 2011).  Therefore, analysis was 
concentrated on transects surveyed in the FMG and MS from June 2013 and May 2014 (Table 2) for 
the behavior analyses and abundance estimates presented in this study.  The C-BASS was most 
recently deployed in August 2014 as a part of an experiment comparing sampling technologies.  
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During this time it was paired with bottom camera pods to directly observe fish behavior towards C-
BASS during surveys. 
 
Addressing and Quantifying Biases  
 
As with other visual sampling measures, there are potential biases inherent in this method 
which need to be elucidated before confidence is placed in absolute abundance estimates made 
based on C-BASS data.  One such bias is the level of detectability of fish at increasing distances 
from the cameras.  Detectability is highly variable and can depend on the time of day, water clarity, 
the size of the organisms, and fish behavior (Beavers and Ramsey 1998; Kulbicki 1998).  Of these 
biases, arguably the most difficult to quantify is fish behavior, i.e. nonrandom fish movement.  With 
transect surveys, whether completed via divers, an ROV, or with a towed system such as C-BASS, 
there is potential of fish being attracted to and/or repelled by the observation platform which can 
lead to over- and under-estimates of fish density, respectively.  Studies have suggested that some fish 
may sense an oncoming pressure field generated by the tow body from a substantial distance away 
and respond negatively by swimming away from the transect path (Stoner et al. 2007).  Cryptic and 
smaller-bodied species were also expected to be underrepresented as they are less likely to be 
detected and easily seen on the towed camera imagery.  The purpose of C-BASS is for surveying 
large juveniles and adults of economically important species which tend to be larger-bodied, 
therefore this was not considered a significant drawback to the system in this sense.  If a holistic 
understanding of the ecosystem was the goal of a survey, as in an ecosystem-based management 
approach, supplemental techniques would be required to survey the smaller-bodied fishes.  
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Observed Behavior of Fishes towards C-BASS 
Fishes’ behavior in relation to in situ survey technologies tends to be variable and species-
specific (Stoner et al. 2007; Trenkel et al. 2004).  For example, smaller reef fish (e.g. wrasses, hamlets 
and damsels) often react much more readily to an unknown presence by quickly swimming into reef 
crevices ahead of the cameras and so are often not identified and/or counted (Rooker et al. 1997).  
In order to quantify reactive behavior by observed species, a polar coordinate system was employed 
to record the orientation of fish motion relative to the tow axis.  This approach is similar to a study 
by Bryan et al. (2014) which quantified behavior in flatfish towards a trawl using a coordinate system 
based on video observations.  Behavior analysis was completed for each individual observation of a 
fish for the same transect in MS in 2013 and again in 2014 for a total of 600 individual fish 
observations.  The general behaviors of attraction, repellence and no obvious reaction of each fish 
were first recorded as one of three general descriptors: positive, negative, or neutral behavior, 
respectively (Table 3).  If the behavior was positive or negative, analysis further described the 
magnitude of these reactions as being weak or strong.  A fish was classified as reacting weakly 
positive when the individual came towards the system but did not actually swim into the middle of 
the transect path.  Strong positive reaction was when a fish quickly swam towards the system and 
entered the middle of the transect path or when an individual chased the laser beams along the 
seafloor.  When a fish moved away from the camera system but remained in the camera’s field of 
view, which made identification and enumeration still possible, this was noted as weak negative 
behavior.  A strong negative reaction meant that a fish exited the field of view so quickly that 
positive identification was rarely possible.  Neutral behavior was further broken down into a fish 
being stationary or in transit; a stationary fish remained in the same position as C-BASS passed over 
while a fish in transit was already moving when it came into the field of view.  Though moving, a 
fish with “neutral in transit” classification did not change its pace or direction and as such exhibited 
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no obvious reaction to the presence of C-BASS.  Behavioral analysis for fish that were neutral was 
complete after this point.  Fish behavior that was positive or negative reaction was quantified using a 
polar coordinate system by identifying the angle at which a fish moved towards (positive reaction) or 
away from (negative reaction) the system (Fig. 8).  Along with behavior, identification of the fish to 
the lowest taxonomic level possible and the habitat over which the behavior was observed were also 
recorded.     
 
Far-field Behavior of Fishes towards C-BASS 
Under the Untrawlable Habitat Survey Initiative (UHSI) with a group of researchers from 
NOAA, C-BASS and other visual and acoustic fish abundance sampling systems were a part of 
several experiments in the Florida Middle Grounds to better understand the biases associated with 
these technologies.  Direct observation of reactive behavior was made possible during the UHSI 
cruise by deploying several “camera pods” fabricated by the NOAA Southeast Fisheries (SEFSC), 
Alaska Fisheries (AFSC), and Northwest Fisheries Science Centers (NWFSC).  Each of these pods 
housed two cameras in stereo and a DIDSON (forward-facing sonar).  For this experiment, the 
three camera pods were roped together along a 500-meter string and laid out along the bottom.  At 
each end of this line, a buoy extended to the surface to easily locate the set-up’s position (Fig. 9).  
After allowing time for the fauna to acclimate to the pods, C-BASS was then towed near this line of 
cameras.  The video from the camera pods was then used to better understand behavior specific to 
various species before, during and after the passage of C-BASS and how abundances may therefore 
be skewed in C-BASS data.   
Before analysis of reactive fish behavior towards C-BASS was made, it was first necessary to 
estimate what the underlying variability in the abundance of fishes within the FOV was over time 
due to constant movement of individuals around the pod.   For one hour before C-BASS was 
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deployed, the camera pod video was viewed in one minute segments with fish species and their 
respective abundances recorded for the site STA14.  The number of fish recorded for each species 
was the maximum number of individuals seen concurrently on the camera pod video during the one 
minute viewing segment which yielded a maximum number (MaxN) value.  
To measure reactive behavior around the camera pods at STA14, instances when C-BASS 
passed within the view of the pods were noted.  Beginning 10 seconds before C-BASS entered the 
FOV of the camera pod video (“before” period), the interval during which C-BASS was overhead 
(“during” period), and continuing 10 seconds after C-BASS passed out of the FOV (“after” period), 
the MaxN of fish present on the imagery was counted for every second.  The MaxN counts taken in 
the one-minute intervals for the background levels and the MaxN for the one-second intervals were 
assumed to be comparable when estimating reactive behavior as they were both instantaneous 
counts.  To determine if fish presence around the pod changed significantly between the before, 
during, and after time intervals of C-BASS passing overhead, the mean number of fish present was 
calculated for each of the three periods.  Confidence intervals (95% confidence level) were then 
calculated around the means.  Overlapping intervals indicated no statistically significant difference 
between two numbers whereas any non-overlap between two periods signified a significant 
difference between the mean abundance of fish in those periods. 
 
Fish Density Estimates 
 
All footage from the June 2013 and May 2014 cruises was analyzed by first counting and 
identifying all observed fishes in the imagery.  Counts were binned into one minute intervals from 
the continuous video recorded for each transect.  Whenever conditions allowed (altitude above 
bottom, chlorophyll and turbidity levels, light availability, etc.), observed fishes were identified to the 
18 
 
lowest taxonomic level.  Fishes smaller than six inches (e.g. wrasses, gobies, blennies) and those 
observed in poor visibility were challenging, and often impossible, to correctly identify to genus or 
species.  Thus, these individuals were categorized as NoID (no identification).  This category also 
included the larger-bodied fish that were observed but, due to visibility and/or reactive behavior, 
could not be identified. 
 
Calculating Area Viewed 
To estimate fish density from the towed camera data, the total area viewed during each 
transect was calculated.  This required estimating the average width and length of the transect for 
each minute of the survey that was sampled.  There were two ways by which the transect width was 
determined:  using a series of trigonometrical equations or by measuring how many “laser widths” 
crossed the width of the FOV at various altitudes. 
For the trigonometry-based approach (Fig. 10), the value of the angle of the camera to the 
bottom was first adjusted to account for the pitch of the system (Eqn. 1).  The pitch also affects the 
actual altitude (AA) of the system over the bottom so this was corrected for as well (Eqn. 2).   The 
camera center line distance (CC), or the extent to which the camera view reaches in front of the 
system, was then computed (Eqn. 3).  After adjusting for the differences in refraction between air 
and seawater for the camera’s field of view (horizontal extent of the camera’s coverage), the width of 
the transect could then be estimated (Eqns. 4, 5).  In order to avoid a series of complex equations, 
the bottom was assumed to be flat for these calculations.   
 
 
Equation 1    ∝A= ∝FC-∝P  
     ∝A = Adjusted camera angle to ground (degrees) 
     ∝FC = Measured camera angle to ground (degrees) 
     ∝𝑃 = Pitch of system (degrees) 
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Equation 2    AA=AM* cos (∝P)  
     AA = Adjusted altitude (meters) 
     AM = Altimeter reading (meters) 
 
 
Equation 3    C=AA / sin(∝A) 
     C = Camera center line distance (meters) 
     AA = Altitude of system above bottom (meters) 
     ∝A= Adjusted camera angle (radians) 
 
Equation 4     FOVA=2 sin
-1 ( sin (
FOVC
2
) *(
RA
RS
)) 
     FOVA = Adjusted Field of View (radians) 
     FOVC = Manufacturer specified camera FOV* 
     RA = Index of refraction for air 
     RS = Index of refraction for seawater 
     *Specific to each camera 
 
 
Equation 5    W=2C*tan(
FOVA
2
) 
     W = Width of transect 
 
 To use the lasers for estimating transect width, several screen grabs of the video imagery 
with a clear view of the two lasers’ positions on the seafloor were taken.  Each of these images was 
associated with a range of altitude values of C-BASS above bottom.  The distance between the laser 
points (L) and the total width of the image (T) were measured on the computer screen (Fig. 11).  To 
obtain the actual width viewed, the value of T was divided by 22.9 cm (fixed distance between the 
lasers) and converted to meters.  The altitude (A) above bottom and width (W) were then plotted 
against each other (Fig. 12) and a linear regression was used to obtain Equation 6 which could be 
used for all transects: 
 
Equation 6     W=1.6877A+1.14905 
     A = Altitude above bottom (meters) 
     W = Width of transect (meters) 
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The total distance covered for each one minute video clip was then calculated by averaging 
the speed over ground (in knots) of the ship for each minute, converting this value to 
meters/second, and using this result to estimate the distance covered.  The product of the width of 
the transect and length covered per minute provided the approximate area in which counts were 
made for each of their respective clips and could be used to estimate the density of each observed 
species.    
To determine any discrepancy between the transect width calculation methods, each 
approach was applied to data from the same transect which was over relatively flat seafloor and the 
total area covered based on the two approaches yielded two different values.  The trigonometrical 
equations produced an area estimate that were 13.65% larger than that which was based on the 
lasers.  For the first-order density estimates presented in this study, the laser calculations were used 
to determine transect widths as they were a much less time-consuming approach.    
 
Extrapolating Density Estimates  
In order to extrapolate density estimates to the absolute abundance of various species in the 
FMG and MS, these areas were poststratified by habitat type and depth (Table 4) as fish densities are 
not uniform over different bottom types (Gratwicke and Speight 2005).  The FMG was divided into 
four strata based mainly on depth with the shallowest reefs in stratum one and the slightly deeper 
reef areas in stratum two.  The deepest area in the FMG was within stratum three and stratum four 
encompassed the very low relief, sandy areas between the reefs (Fig. 13a; Table 4).  In MS, 
stratification (Fig. 13b; Table 4) largely followed the same divisions as laid out by NOAA for their 
reef fish video surveys (Gledhill et al. 2006).   Stratum one encompassed the deepest area in the 
southern and southwestern sections of the protected area and the sandy, low relief area of moderate 
depth was stratum six.  Stratum three was also low relief but is shallower than stratum six and 
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contains some hardbottom.  Stratum two is the reef system running through MS which is thought to 
have been formed when a barrier island was drowned 14,000 years ago (Allee et al. 2011).  Stratum 
four is the ledge in the northeastern corner.  The final habitat is a small field of pinnacles and 
boulders which are within the area of stratum five (Fig. 13b).  Transects completed during both 
years of sampling bisected almost all strata in both protected areas with the exception of stratum five 
in MS during June 2013 (Fig.14).  When later extrapolating abundance estimates using stratified 
densities based on this scheme, it was assumed that fish density was uniform across the habitats and 
depth within each stratum.      
Using the raw counts of identified species of fishes for each minute in each transect, 
abundance estimates were extrapolated using stratified random sampling statistics with a special 
interest in groupers, snappers, amberjacks, porgies, and lionfish.  The raw counts of individuals 
identified were divided by the area covered during the respective one minute interval in which they 
were made and this density estimate was converted to number of individuals per square kilometer.  
These values were then sorted into groups based on which stratum they were associated with and 
the densities within each stratum were averaged (the number of samples taken for each stratum is 
the number of minutes spent in that habitat type; Equation 7).  These average densities were then 
used to estimate absolute abundance of each species within the different strata following methods 
outlined in Cochren (1977).    The subsequent equations (Equations 8-13) were adapted from those 
used by the Food and Agriculture Organization of the UN for bottom trawl surveys (FAO 1982) 
and by Smith et al. for reef fish visual surveys (2011).  Confidence intervals for the density estimates 
(95% level) were estimated by bootstrapping the original count data 1000 times. These new values 
were used to calculate potential density values which were then bootstrapped to estimate 1000 new 
sets of densities for all species which were arranged in ascending order.  The upper and lower 2.5% 
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of this distribution was then removed and the upper and lower bounds for the density estimates 
were then taken to be the values at the ends of this dataset for.   
Equation 7 
γ
ms
=cs/Am 
 γ
ms
 = Density of species s per minute 
s = Species 
cs = Species count for minute, m 
Am = Area covered during minute m (km
2) 
m = Minute of transect 
 
 
Equation 8 
γ̅
hs
= ∑ γ
ms
* 
1
nh
h
1..n
 
γ̅
hs
= Average density of species (s) per stratum h (#/km2) 
nh = Number of minutes sampled in stratum h 
h = Stratum 
 
Equation 9 
T= Ah* γ̅hs 
Ah  = Area of stratum h (km
2) 
T = Total abundance of species s 
 
Equation 10 
Wh= 
Ah
A
⁄  
Wh = Stratum weight 
A = Total sampling area (km
2) 
 
Equation 11  
γ̅
st
= ∑ Wh*γ̅hs
h,s
 
γ̅
st
  = Stratified mean density of species, s (#/km2)
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Equation 12 
var[γ̅
st
]= ∑ Wh
2*var[γ̅
hs
]
h,s
 
var[γ̅
st
] = Variance of stratified mean density 
var[γ̅
hs
] = Sample variance of species s in stratum h 
 
 
 
Equation 13 
 SE[γ̅
st
]= √var[γ̅st]  
SE[γ̅
st
] = Standard error of stratified mean density
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Figure 3. Locations of the three survey sites. 
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 1 
Figure 4. Bathymetric features of the Florida Middle Grounds (a.), Madison-Swanson (b.) and Steamboat Lumps (c.) closed areas.  2 
Corresponding backscatter depicts differences in bottom types for the three areas (d., e., f.). *Note: size of areas are not to scale.  3 
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Figure 5. Topographical slope (first derivative of bathymetry) for the Florida Middle Grounds 
Habitat Area of Particular Concern (HAPC).  The C-BASS survey transects for 2013 are shown as 
circles representing the total abundance of fishes per one minute of C-BASS video imagery. 
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Figure 6. The Florida Middle Grounds HAPC with transects completed in June 2013 and May 
2014. 
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Figure 7. The Madison-Swanson MPA with the locations of transects filmed in June 2013 and May 2014.  
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Figure 8. Polar coordinate analysis for positive (left) and negative (right) reactive behavior. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Camera pod experiment set-up.  Three pods with two cameras and a DIDSON on each are connected in a line to two weights 
with buoys attached for locating the set-up at the surface. 
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Figure 10: Schematic of measurements taken from C-BASS to estimate the width of the transect for each 1-minute interval using the 
trigonometrical approach. αFc = the angle of the camera relative to C-BASS, αFl = angle of the laser relative to C-BASS,  αP = pitch of C-
BASS, AM = altitude reading from C-BASS (meters), AA = adjusted altitude, αA = angle at which the camera’s center line distance (C) hits 
the bottom, αl = angle at which the laser beam (L) hits the bottom.  *Bottom is assumed to be level 
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Figure 11. The distance between the lasers (22.5 cm = L) and the total width of the image (T) as measured on a computer screen.  The 
points at which the laser beams intersect with the bottom are indicated by the dotted line.  
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Figure 12. Linear regression of altitude above bottom and transect width estimated by using the known distance between the lasers.  
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Figure 13. Stratification of the FMG (A.) and MS (B.). 
  
B. A. 
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Figure 14. Strata within the FMG (left) and MS (right) with transects completed in June 2013 (red) and May 2014 (blue).   
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Table 1. Regulations for the reserves being studied.  150 CFR 622.34(k) 250 CFR 622.34(b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Reserve Regulations Gear Restrictions 
Madison-
Swanson1 
Surface trolling 
permitted at >4 knots 
May-October; no reef-
fish fishing 
Downriggers, wire lines, planers, 
similar devices; All fishing activities 
prohibited except surface trolling 
during open period 
Steamboat Lumps1 
Surface trolling 
permitted at >4 knots 
May-October; no reef-
fish fishing 
Downriggers, wire lines, planers, 
similar devices; All fishing activities 
prohibited except surface trolling 
during open period 
Florida Middle 
Grounds2 
Open Year Round 
Bottom long lines, trawls, dredge, 
pot, and trap fishing are prohibited 
year round 
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Table 2. Transect dates and times in the Florida Middle Grounds (FMG), Madison-Swanson (MS), 
and Steamboat Lumps (SL) for sampling cruises completed in June 2013 and May 2014. 
 
 
Date 
Survey 
Area 
Transect 
Number 
Start Time 
(EST) 
End Time 
(EST) 
Total Time 
Total Length 
(km) 
June 15, 2013 FMG 1 17:09 20:36 03:27 22.65 
June 15, 2013 FMG 2 13:37 16:10 02:33 16.76 
June 15, 2013 FMG 3 08:44 12:54 04:10 19.54 
June 14, 2013 FMG 4 17:57 21:35 03:38 22.73 
June 14, 2013 FMG 5a 12:37 13:52 01:15 7.09 
June 14, 2013 FMG 5b 15:04 16:15 01:11 7.65 
June 14, 2013 FMG 6 07:45 10:53 03:08 18.33 
    Total 19:22 114.75 
June 16, 2013 MS 1 07:50 10:59 03:09 18.26 
June 16, 2013 MS 2 11:53 16:03 04:10 24.28 
June 16, 2013 MS 3 17:47 20:23 02:36 15.51 
    Total 9:55 58.05 
May 7, 2014 FMG 1 21:11 
3:01 
(May 8, 2014) 
05:50 31.40 
May 7, 2014 FMG 2 16:40 19:32 02:52 17.88 
May 7, 2014 FMG 3 11:58 14:05 02:07 21.86 
May 6, 2014 FMG 4 23:03 
2:52 
(May 8, 2014) 
03:49 24.28 
May 6, 2014 FMG 5 18:23 21:11 02:48 18.66 
May 6, 2014 FMG 6 13:16 16:11 02:55 19.36 
    Total 20:21 133.44 
May 8, 2014 MS 2 13:05 17:15 04:10 19.18 
May 9, 2014 MS 3 12:12 15:26 03:14 19.78 
    Total 7:24 38.96 
May 11, 2014 SL 1 11:59 15:27 03:28 21.42 
May 11, 2014 SL 2 16:57 23:27 06:30 40.97 
    Total 9:58 62.39 
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Table 3. Definition of fish reactive behavior classifications and the data recorded for analysis of C-BASS imagery. 
     
Reactive 
Direction 
Magnitude Angle Species Habitat Type 
+ (Positive) 
Strong 
Weak 
90°/270 °= Follow/approach head on 
180°/0° = Approach from sides e.g. Grouper sp., 
Lionfish 
(P.volitans/miles), 
Gray angelfish 
(Pomacanthus 
arcuatus) 
e.g. Sand waves, 
reef, sand with 
scattered 
rock/gorgonians, 
boulders 
   
- (Negative) 
Strong 
Weak 
-90°/-270° = Move along/against transect direction 
-180°/-360°= Exit laterally 
   
Neutral 
Stationary 
Transit 
N/A 
N/A 
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Table 4.  Descriptions and total area of strata divisions in the FMG and MS.  Total area and effort 
(minutes sampled) in each strata are also included.   
 
 The Florida Middle Grounds 
 
Madison-Swanson 
Stratum Descriptor 
Area 
(km2) 
% of 
Total 
Area 
June 2013, 
Minutes 
Sampled 
% of 
2013 
Effort 
May 2014,  
Minutes 
Sampled 
% of 
2014 
Effort 
1 Sand 179.12 40.2 0 0 18 4.7 
2 Reef 19.8 4.4 157 40.6 153 39.5 
3 
Sand over Hard 
bottom 
46.058 10.3 126 32.5 27 6.8 
4 Ledge 2.75 0.6 43 11.1 61 16.0 
5 Pinnacles 1.52 0.4 0 0 28 7.2 
6 Sand & Gravel 196.93 44.1 61 15.8 100 25.8 
 Σ 446.178 100 387 100 387 100 
 
 
 
 
 
Stratum Descriptor 
Area 
(km2) 
% of 
Total 
Area 
June 
2013, 
Minutes 
Sampled 
% of 
2013 
Effort 
May 2014, 
Minutes 
Sampled 
% of 
2014 
Effort 
1 
Shallow Reef 
Flat 
170.96 12.7 295 28.9 197 22.3 
2 Deep Reef Flat 517.10 38.4 380 37.3 444 50.3 
3 
Deep Sand 
Bottom 
223.32 16.6 333 32.7 54 6.1 
4 Sand Bottom 435.04 32.3 11 1.1 188 21.3 
 Σ 1346.42 100 1019 100 883 100 
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CHAPTER THREE: 
RESULTS AND DISCUSSION 
 
Observed Reactive Behavior 
 For the same transect in Madison-Swanson surveyed in June 2013 and May 2014, individual 
fish (n = 600) were evaluated for reactive behavior.  In June 2013, only 2.4% of all individuals 
analyzed exhibited positive reactive behavior whereas in May of 2014, 5.1% of all individuals 
analyzed were attracted to the system (Table 5).  This may be due to the addition of green lasers to 
C-BASS which can attract certain species of fishes (Graham et al. 2004).  However, weak negative 
(20.5% in 2013; 39.9% in 2014) and neutral behavior (70.0% in 2013; 46.1% in 2014) were the most 
common reactions observed in both years.  When data from 2013 and 2014 were pooled together, 
the strong positive, weak positive and strong negative behaviors were infrequently observed on C-
BASS footage (Fig. 15).  At a 95% confidence level, it is likely that the actual proportions exhibited 
by the species of interest still follow the same pattern with the majority of fish exhibiting weak 
negative or neutral behavior (Fig. 15).   
 Of the target species (Grouper spp., Snapper spp., Amberjack spp., Lionfish spp., and Porgy 
spp.), positive behavior was most frequently exhibited by amberjacks in both years (Fig. 16) with 
several instances of amberjack chasing the laser beams along the seafloor.  This strong chasing 
behavior was also exhibited by groupers which demonstrated the next highest percentage of strong 
(4.5%) and weak (6.8%) positive reactions (Fig. 16).  These instances of attraction were still very 
infrequent compared to the weak negative and neutral behaviors which were 46.6% and 37.5% of all 
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behavior exhibited by grouper, respectively.  The more negatively reactive species were groupers, 
snappers, and porgies with the latter being most strongly repelled by C-BASS; 16.3% of all observed 
porgies exhibited strong negative behavior (Fig. 16).  When the reactive behavior analysis was parsed 
into the separate years during which the surveys took place, it was obvious that fewer individuals 
within the species of interest groups were analyzed in 2013 (Fig. 17A).  The dominant behaviors 
were still weak negative and neutral, but no positive reactive behavior was recorded.  In 2014, the 
number of observations of the species of interest increased substantially (Fig.17B).  The results of 
behavior analysis from the May 2014 imagery showed that there may be notable differences between 
the reactions of the interest species to C-BASS presence.  For example, Amberjack spp. and Porgy 
spp. exhibited wide ranges of behavior but the dominant reaction differed between the two with 
most amberjacks exhibiting neutral (50% of individuals) and weak positive (31.25% of individuals) 
behaviors (Fig. 17B).  The porgies exhibited mostly strong (33.3%) and weak (33.3%) negative 
behaviors.  For the grouper, weak negative reactions were dominant (87.1%) while the lionfish 
exclusively exhibited neutral behavior.  Considering the overall behaviors (Fig. 15) and species-
specific behaviors (Figs. 16, 17), the results of these analyses are encouraging as they indicate that 
system is not largely deterring fish away from the transect path and that C-BASS is getting some 
level of coverage of the species of interest. The next steps in the reactive behavior investigations 
should therefore be determining exactly what this level of coverage is (i.e. estimating correction 
factors) for each species as it is expected that reactions will be specific to each group (Stoner et al. 
2008).  
Negative reactive behavior is likely to be a greater issue in obtaining accurate abundance 
estimates than attractive behavior due to the speed at which C-BASS is towed (1.5-2.0 m/s).  
Negative fish movement was therefore extensively analyzed by plotting the results on a polar 
coordinate system to determine the most dominant direction of movement away from the tow body.  
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For both years, movement away from C-BASS was mostly in the 180° and 0° (lateral) directions for 
weak and strong negative behavior (Fig. 18).  When only the species of interest (groupers, snappers, 
and porgies) were extracted from the pool of all individuals, negative reactive behavior was also 
mostly observed in the lateral directions (180° and 0°; Fig. 19).  These findings parallel those made 
by Laidig et al. (2013) whose study compared the observed reactions of fish along transects when 
surveys were completed using a submersible and an ROV.  A majority of the reactions observed on 
the video from the cameras on both pieces of equipment were in the forward and lateral (right and 
left) directions.  With most fish reacting to the left and right sides of the tow body, it further 
solidified the need for the port and starboard facing cameras as most fish appear to react in these 
directions as opposed to swimming in the same direction as C-BASS.   The height at which a fish is 
encountered by survey equipment has also been found to be a significant factor in how individuals 
react.  The magnitude of reactive behavior was found to increase the higher above the seafloor a fish 
was when it was encountered by survey equipment (Laidig et al. 2013).  This is a parameter that was 
not taken into consideration in this study but should be incorporated into future behavior analysis.   
 
Far-Field Reactive Behavior 
 In order to directly observe and analyze reactive behavior independent of C-BASS video, an 
experiment was developed using stationary cameras arranged along a transect in the FMG (Fig. 9).  
The C-BASS was flown within the FOV of the three fixed cameras to assess reactive behavior and 
estimate changes in fish density around each pod before, during and after the system passed.  Before 
investigating how fish assemblages around the camera pods changed in response to C-BASS being 
towed overhead, the underlying variability in fish presence was first quantified.  To achieve this, the 
“natural” flux in fish presence around the SEFSC pod was observed for one hour prior to C-BASS 
being deployed for the experiment at site location, STA14.  Several changes in total fish abundance 
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on the SEFSC imagery occurred over this one hour period; while there was never a complete 
absence of individuals, the total abundance of fish within the field of view per minute varied greatly 
but was most often between 15-16 individuals (Fig. 20).  For a majority of the minute segments, 
most fish present in the FOV were small species (wrasses, damselfish, gobies, etc.).  Though this 
analysis is only for one camera at one site, it demonstrates the variability in fish presence around the 
pod at a relatively rapid flux.  The Grouper spp., Snapper spp., Jack spp., and Porgy spp. counted 
during the one hour observation period all exhibited a log-normal (zero-inflated) distribution in 
presence around the pod (Fig. 20).  This was expected for amberjacks as they rove in schools as 
juveniles and become more solitary as they grow older (Swasey 2011).  Once adults, individuals then 
tend to reside over reefs and other areas with structure (Swasey 2011).  These camera pod 
experiments were undertaken in areas which were relatively flat due to logistics of the experimental 
set-up, so the lack of amberjack was anticipated.  As for the remaining species of interest, the most 
frequently observed were the grouper (between 1-3 individuals per minute; Fig. 20) with a majority 
identified as Scamp (Mycteroperca phenax).  The results from the underlying variability analysis and 
individual species observations demonstrate that the likelihood of viewing species of interest at the 
exact time C-BASS passes through the camera pod field of view is low as they were often absent 
and, when present, counts were only between 1-3 individuals.  Though possible, these findings 
exhibit that obtaining species-specific correction factors will require much greater experimental 
sampling effort in a variety of different bottom types to directly observe the reactions of all species 
of interest.   
 After assessing the underlying variability in fish abundance using the SEFSC camera, the 
change in fish abundance as C-BASS entered the field of view for each camera (SEFSC, NWFSC 
and AFSC) was determined for the transect completed at site STA14 (Fig. 21).  In the imagery from 
the SEFSC camera pod, a grouper remained within the FOV as C-BASS was overhead indicating no 
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strong reaction occurred (Fig. 21A).  Another interesting behavior recorded on the video footage 
from this tow was when several barracuda were observed trailing C-BASS, even up to 25 seconds 
after the system had passed out of the camera pod FOV (Fig. 21B).  When C-BASS passed the first 
camera (SEFSC), the mean MaxN counts per second decreased from 5.5 individuals in the “before” 
period to five as C-BASS entered the FOV in the “during” period which was not a statistically 
significant decline at the 95% confidence level (Fig. 22).  The change in mean MaxN counts were 
also not significantly different (95% confidence) between the “during” and “after” periods for the 
SEFSC pod.  In the imagery from the NWFSC pod, the mean MaxN for the “before” period was 
seven individuals which increased to 7.5 in the “during” period, but this was not a significant 
change.  In the “after” period the mean MaxN was approximately 8.25 fish which was a significant 
increase from the previous period (95% confidence).  However, this “after” period was extended to 
demonstrate the trailing behavior displayed by five barracuda and during this time two grouper also 
entered the camera pod FOV.  This is likely the reason for the significant result between these two 
periods and it does show that positive reactive behavior may impact C-BASS data at some level.  
The last camera along the transect was the AFSC pod which exhibited a significant increase in mean 
MaxN fish abundance between the “before” and “during” periods but there was no significant 
change between the “during” and “after” periods (Fig. 22).  The general pattern observed for these 
three pods was no significant change in mean abundance of fish as C-BASS was flown overhead.  It 
should be noted that in this direct behavior analysis, presence of the camera pod itself was assumed 
to not affect the reactive behavior of the fishes when C-BASS passed overhead.  Because the pod 
was not baited and offered no real refuge for fishes reacting to C-BASS passing overhead, this was 
deemed a reasonable assumption.   
Under ideal circumstances, there are several conditions that need to be met in order to 
develop species-specific correction factors for abundance estimates.  For the camera pods, it would 
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be most informative if they were deployed in an area which contained several individuals from 
species commonly observed using C-BASS which, as previously mentioned, is difficult due to 
variability of fish presence (Fig. 20).  This would allow for species specific observations of reactive 
behavior towards the tow system.  It would thus be possible to observe if all, some or none of the 
individuals of a species leave the area as C-BASS approaches.  The other condition would be for the 
C-BASS video to be clear enough to count the fish around the dropped cameras.  This would 
depend on how close C-BASS was towed to the pod and the visibility of the surrounding water.  If 
clear C-BASS video was obtained, then it could be determined how many of those fish that did react 
(observed via camera pod video) were still caught on C-BASS imagery.  The information on those 
that reacted and not observed on C-BASS video would then be used to modify the correction 
factors.  Correction factors were not estimated during this study as the paired analysis of camera pod 
and corresponding C-BASS video to determine the overlap in fish observations has not yet been 
completed.   
 
Absolute Fish Abundance Estimates 
 Video footage from all transects completed in June of 2013 and May of 2014 for the FMG 
and MS was analyzed and the total abundance of individual fish observed per one minute of imagery 
was recorded.  Post-sampling, the FMG and MS were stratified based on potential habitat type using 
backscatter and bathymetry maps (Figs. 5 and 6) and the average densities of all observed species 
were calculated for each stratum.  In 2013, the strata had different species which were highest in 
density throughout the area.  In the shallow reef flats, Angelfish spp. were in the highest densities at 
216 fish/km2 and Gray Snapper had the highest density in the deeper reef flats (186 fish/km2) and 
sandy areas (426 fish/km2) between reefs (Table 6).  Of the four species of interest based on 2013, 
only Gray Snapper and Lionfish spp. were ubiquitous throughout all of the different strata in the 
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FMG (Fig. 23).  Gray Snapper were in the highest density for all four strata (Table 7) based on 2014 
data and in the shallow reef flat habitat these values were two orders of magnitude greater at 1,035 
individuals/km2 than the density estimates for groupers and amberjacks.  Lionfish were also found 
in high densities for several different strata.  Though Lionfish spp. may often be considered a reef 
fish, in their native range in the Indo-pacific this species is also commonly found over sand bottom 
(Ruiz-Carus et al. 2006) thus the large estimate of 400 individuals per km2 calculated from 2013 data 
for stratum four may not be unprecedented.  These results indicate that this species also does not 
exhibit a strong habitat association with reefs and could be very widespread throughout the FMG.   
Of the species in MS, the Snapper spp. boasted the greatest overall densities in the reef and 
ledge strata with estimates ranging between 1,003 to 4,988 snapper/km2 (Fig. 24; Table 8).  
Considering all observed species, Holocentridae spp. (e.g. squirrelfishes and bigeyes) were in the 
greatest overall densities (511-1,966/km2) over the sand/hardbottom and ledge areas in 2013 (Table 
8) and were in the second highest densities over the reef and ledge strata (846-1,043/km2) in 2014 
(Table 9).  No identifiable individuals were observed over the sand/gravel stratum while the ledge 
and reef strata contained the first and second highest densities, respectively (Tables 8, 9).  Grouper 
were found over almost all strata in 2014 at densities estimated between 84-797 individuals/km2 with 
the highest concentrations over the ledge, reef, and pinnacles areas.  Lionfish were found in slightly 
higher densities in MS (110-223 individuals/km2) for both 2013 and 2014 (Tables 8, 9) than those in 
the FMG (8-385 individuals/km2), excluding the deep sand stratum (Fig. 23).  Understanding where 
lionfish tend to aggregate is an important aspect of any potential management strategy as it is an 
invasive species to the WFS and could be detrimental to other fish populations in the surrounding 
environment.   These results, along with those in the FMG, indicate that this species may not 
necessarily be concentrated in specific habitats within these protected areas, unlike the other target 
species, and may highly concentrated over several different bottom types. 
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 The absolute abundance estimates calculated for the FMG using 2013 data predicted that the 
highest abundance of fishes (including those not identified) was 439,538 individuals in the shallow 
reef stratum (Table 10).  When only identifiable individuals were considered, the sand stratum 
instead contained the greatest abundance of fishes with 248,906 individuals.  The most abundant 
species overall in the FMG were Gray Snapper (311,127 individuals) followed by Lionfish spp. 
(106,293 individuals) and Angelfish spp. (95,334 individuals) based on 2013 data (Table 10).  For all 
density and subsequent abundance estimates made, the variability was high for all species surveyed 
as indicated by the large coefficient of variation (CV) values (Table 11).  The species with the 
greatest CVs in the 2013 FMG data were Amberjack spp., Goliath Grouper, Jack spp. and 
Surgeonfish spp. meaning that the variability, and therefore uncertainty, in their density and 
abundance estimates was considerable.  After analyzing 2014 imagery, extrapolated abundance 
estimates determined that the deep reef stratum in the FMG contained the largest abundance of 
fishes (Table 12) both when the NoID category was considered (704,839 individuals) and when it 
was excluded from the estimate (446,753 individuals).  Gray Snapper were again the species 
estimated to be in the highest overall abundance with 770,303 individuals throughout the area, 
Angelfish spp. were the second most abundant species with 150,148 individuals, followed by 
Holocentridae spp. having 95,868 individuals.  The CVs for all species groups declined in 2014 
(Table 13) for the density estimates which puts more certainty into the abundance estimates made 
based on this dataset.  Ideally all CV values would be below one.  However, as C-BASS was an 
experimental piece of survey equipment and optimal survey methods and analysis have yet to be 
definitively established, the high CVs are expected and will decrease substantially with further 
development of this sampling technique.    
 The stratum with the greatest abundance of fishes in MS for 2013 was the reef which was 
estimated to possess 47,509 individuals, excluding the NoID category (Table 14).  The top three 
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most abundant species throughout the entirety of the protected area based on this year’s data were 
Holocentridae spp. (34,937 individuals), Snapper spp. (32,824 individuals) and Grouper spp. (13,622 
individuals).  The reef stratum was again predicted to contain the greatest abundance of fishes based 
on the 2014 data (Table 16) with 62,022 individuals of only identified species.  The Jack spp. group 
was most abundant (45,792 individuals) as opposed to the Holocentridae spp. category in 2013.  The 
Grouper spp. and Snapper spp. were the second and third most abundant groups with extrapolated 
estimates of 36,881 and 33,648 individuals, respectively (Table 16).  The ranks of being the second 
and third most abundant species for the Grouper spp. grouper is an encouraging result; Madison-
Swanson was established in order to protect spawning aggregations of Gag - a species of grouper – 
meaning that the protection put in place in 2000 may be successfully aiding in their conservation 
(Rueter 2004).  With better identification ability as the C-BASS is modified, the actual status of Gag 
can be better elucidated.  As with the FMG data, the CV values were much higher than necessary to 
put confidence in these results (Tables 15, 17) with the most abundant species for both years having 
CVs between 12 and 20.  As previously mentioned, these data were not intended for management 
purposes as this survey technology and corresponding methods were still in development during the 
time of this study.   
For both the FMG and MS, overall total abundance of identified species was estimated to be 
greater in 2014 (Tables 12, 16) than in 2013 (Tables 10, 14).  In the FMG, there was a 101.3% 
increase in fish abundance estimates and in MS 51% more fish were estimated for the area in 2014.  
These increases can largely be attributed to improvements in imagery quality and resolution as well 
as overall better visibility (i.e. lower chlorophyll and turbidity levels) in May of 2014 which resulted 
in more accurate identifications.  Though these are large increases between the two years, several 
upgrades were made to C-BASS which significantly improved video quality: the analog cameras were 
programmed to record at higher resolutions, adjustments were made to the HD cameras to improve 
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their handling of low-light conditions, and two additional LED lights were added to the tow sled for 
a total of four lighting elements.  In Madison-Swanson, technical difficulties prohibited sampling of 
stratum five (pinnacles) in June 2013.  This may be another reason for the lower estimates in 2013 
for this area as compared to 2014.   
Another notable aspect of these datasets is the NoID category which was much higher in 
MS than in the FMG with unidentified individuals density estimates in MS ranging between 300-
75,800 individuals/km2 (Tables 14, 16) as opposed NoID being under 800 fish/km2 for all strata in 
both survey years for the FMG (Tables 10, 12).  This may be attributable to several factors that 
differed between the two study sites.  Madison-Swanson is much deeper than the FMG with a 
minimum depth of 45 meters and a maximum depth of 189 meters whereas FMG bathymetry 
ranges only between 23 and 40 meters (Fig. 4).  The greater depths at which transects were recorded 
in MS meant that available ambient light was significantly lower than in the FMG so video quality 
was highly dependent on the strength of the system lighting and it was much more difficult to 
identify individuals at the periphery of the FOV.  The bathymetric features of each area are another 
source of the large disparity in the NoID category between the FMG and MS.  The FMG does 
possess reefs but once atop these habitats, the bottom remains relatively flat so when surveying, C-
BASS did not need constant adjustment of its height above the bottom.  In MS this was not the case 
as the reef system (stratum two) had much greater changes in bathymetry and the pinnacles area 
(stratum five) had habitat with large, very steep inclines which C-BASS had to be navigated over.  To 
ensure the safety of the system while surveying MS, the anticipated depth changes were often 
overcompensated for when adjusting the amount of hydrowire out behind the survey vessel so the 
altitude of the system would be much greater than the usual 2.5 – 3 meters when an obstruction was 
known to be approaching. This then led to decreased visibility of the bottom and thus a decreased 
identification ability in the edge areas of MS.    
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 In using the statistics associated with stratified random sampling, it was assumed that 
sampling units were random and independent.  For each transect in which counts were made during 
analysis of C-BASS video, a sampling unit was defined as one minute of C-BASS imagery within that 
transect.  This means that there would be some level of spatial autocorrelation between these 
sampling units as they were consecutive along the transect.  To determine the potential level of 
spatial autocorrelation in the data, plots depicting correlation between raw counts of total fish 
observed per minute were generated (Fig. 25).  A general rule-of-thumb for estimating when 
decorrelation occurs is to locate the first point where the correlation is below a values of 0.5 and 
determine the lag at which this occurs.  Decorrelation is then approximately at double the value of 
this lag (Don Chambers, pers.comm., October 2014).  For all three transects, the extent of spatial 
autocorrelation was approximately two lags, which equates to about 220 meters, before decorrelation 
occurred.  Spatial autocorrelation was therefore not expected to greatly impact the stratified random 
sampling statistics used in analysis as the extent of autocorrelation was minimal (220 meters) 
compared to the total length of the transects surveyed throughout the FMG and MS (7-24 km; 
Table 2).   
To demonstrate the importance of stratifying the areas before calculating the density 
estimates and subsequent extrapolated total abundance estimates, the average densities for each 
identified species were calculated across the entirety of each survey area using the 2013 and 2014 
data (i.e. no stratification scheme was employed).  In the FMG, all density estimates were over-
estimated except for Jack spp. (2013 dataset) and Lionfish spp. (Tables 11, 13, 18).  Comparing the 
2014 data in the FMG, Lionfish spp. were again underestimated when density estimates were non-
stratified (37.8 individuals/km2; Table 18) as opposed to the stratified mean density (?̅?st) of 40.03 
individuals/km2 (Table 13).   For the MS dataset in 2013, the Porgy spp. group was exceptionally 
overestimated without stratification (79.39 individuals/km2; Table 19) compared to the stratified 
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mean density (6.15/km2; Table 15) for this species.  A similar trend was observed for the Snapper 
spp. which had an unstratified mean density of 663.83/km2 (Table 19) and a stratified mean density 
of 73.57/km2 (Table 15).  In comparing the 2014 data for MS, the unstratified mean estimate for 
Grouper spp. was more than four times greater (457.32/km2; Table 19) than the stratified mean 
estimate of 82.66/km2 (Table 15), again showing the potential magnitude of overestimation resulting 
from treating an area as being homogenous in its habitat composition.    
Sampling technologies differ in their respective coverage of various species assemblages so 
an initial investigation into how C-BASS technology compared to other visual sampling techniques 
was made using SEAMAP stationary camera survey data for two strata in MS.  The SEAMAP 
stationary camera dataset between 2010 and 2013 was filtered to determine which stations 
overlapped with the Reef and Ledge strata in MS (Figs. 27, 28).  The numbers of fishes observed in 
SEAMAP footage are reported as MaxN values, or the maximum number of individuals of a species 
observed in an image within a certain amount of time.   After grouping species into general 
categories (e.g. Grouper spp., Snapper spp., etc.) for each stratum, these MaxN values were averaged 
to obtain a mean MaxN for each group.   To make the average MaxN values comparable to the 
average density estimates made from C-BASS data, the SEAMAP data were converted into density 
estimates by assuming the field-of-view around the camera pods was a cylinder with a radius of five 
meters.  This equates to each camera pod drop covering approximately 78.5 m2 of area.  The log-
transformed C-BASS-derived average densities of the species groups were then plotted against the 
MaxN density estimates.  In the Reef stratum, the C-BASS data estimates of Lionfish spp. were 
between 0.015-0.018 individuals per square meter whereas the SEAMAP data had zero coverage of 
this species (Fig. 27).  In the SEAMAP versus 2013 C-BASS data, both technologies reported zero 
Jack spp. but in 2014, C-BASS estimates were approximately 0.01 individuals per square meter.  As 
with the Lionfish spp., this demonstrates the lack of coverage the stationary cameras may have with 
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this species group.  Assuming the estimated area surveyed by the SEAMAP camera pods was 
accurate, the grouper estimates derived from this technology’s data were slightly greater (0.085 
grouper/m2) than those made by C-BASS using both 2013 and 2014 data (0.02 and 0.04 
grouper/m2, respectively).  The species that C-BASS had zero coverage of for both survey years was 
triggerfish which were observed by SEAMAP surveys at an average density of 0.01/m2.  In 
examining only 2014 density estimates for C-BASS, the values for amberjacks and snapper were 
comparable to those derived from the SEAMAP data as they both are very close to the 1:1 line (Fig. 
27).  Similarly in the Ledge stratum, the snapper estimate from SEAMAP data was almost equal to 
the 2013 C-BASS estimate but was greater than the 2014 estimate (Fig. 28).  A similar pattern as in 
the reef stratum for lionfish was observed in the ledge area with SEAMAP data reporting zero 
individuals and C-BASS data estimating 0.015-0.017 individuals/m2.   As previously mentioned, 
these comparisons assume that the field-of-view radius for the SEAMAP cameras is correct but it is 
likely to vary greatly based on ambient light availability, turbidity/chlorophyll levels, and where the 
pod lands once it’s deployed.  The pods are also baited and it is unknown how far the bait plume 
reaches and therefore from how far away fish are actually being attracted.  This distance would likely 
be much greater than the assumed field-of-view (5 meters) estimate and this would lower density 
estimates calculated for this comparison.  This initial effort into comparing visual survey 
technologies demonstrates that C-BASS may underestimate abundance for certain species but at the 
same time offer more accurate estimates for others.  Comparison with datasets from other visual 
survey methods (e.g. AUVs, ROVs) and extractive methods (e.g. trawls, longlines) will further 
illuminate the limits and advantages of using C-BASS as a sampling technique.    
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Figure 15. The proportion of total individuals observed (N = 600) which exhibited each type of behavior.  The confidence level is shown 
at 95%. 
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Figure 16. Percentage of the number of individuals observed within each target species associated with the assigned behaviors with 95% 
confidence intervals.  
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Figure 17. Percentage of the number of individuals observed within each target species associated with the assigned behaviors with 95% 
confidence intervals between 2013 (A) and 2014 (B).    
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Figure 18.  Negative reactive behavior observed in June 2013 (left) and May 2014 (right).  The values between the 90° and 60° radial axes 
indicate the number of individuals which moved in each direction relative to the direction of C-BASS movement.   
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 Figure 19: Negative reactive behavior for Grouper spp. (top), Snapper spp. (middle) and Porgy spp. 
(bottom) for 2013 (left) and 2014(right).  The values between the 90° and 60° radial axes indicate the 
number of individuals which moved in each direction relative to the direction of C-BASS 
movement.  
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Figure 20.  Background abundance histograms for all fish observed (total abundance) and species of interest on the SEFSC camera pod 
imagery for site STA14 for one hour prior to C-BASS deployment.
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Figure 21. Maximum instantaneous (MaxN) counts of fish for ten seconds before, during, and 10-
15 seconds after C-BASS passes over the (a) SEFSC, (b) NWFSC and (c) AFSC camera pods at 
STA14 during one transect.  The gray boxes indicate when C-BASS was present in the camera pod 
video field-of-view.   
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Figure 22. Mean abundance of fish (MaxN) for each pod in the ten seconds before, during and 
after C-BASS is towed over STA14. Confidence intervals at the 95% level are shown.  The arrows 
indicate the direction of any significant difference between two time periods whereas *nd indicates 
no significant difference between the means of two different time periods.   
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Figure 23. Average densities of the species of interest in the FMG in 2013 (grey) and 2014 (black) and corresponding standard error.  
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Figure 24. Average densities of the species of interest in MS in 2013 (grey) and 2014 (black) shown with standard error.   
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Figure 25.  Spatial autocorrelation between sampling units for three transects in the Florida Middle Grounds.  One lag unit is 
approximately equal to 110 meters of transect length.    
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Figure 26.  The SEAMAP stationary camera survey sites and MS strata. 
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Figure 27. Comparison of estimated SEAMAP (2010-2013) and C-BASS densities of interest species within the reef stratum of Madison-
Swanson.  The year indicates which C-BASS dataset the average density was based on (June 2013 or May 2014).  The dotted line indicates 
denotes a 1:1 relationship where both technologies would be estimating equal densities.  *Average densities have been square root 
transformed for comparison.  
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Figure 28. Comparison of estimated SEAMAP (2010-2013) and C-BASS densities of interest species within the ledge stratum in Madison-
Swanson.  The year indicates which C-BASS dataset the average density was based on (June 2013 or May 2014).  The dotted line indicates 
denotes a 1:1 relationship where both technologies would be estimating equal densities.  *Average densities have been square root 
transformed for comparison. 
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Table 5. Percent of each behavior exhibited by species of interest during the same transect in MS 
during June 2013 (top) and May 2014 (bottom) 
 
 
 
 
 
 
 
 
 
 
  
June 2013 n Percent (%) of Total Observations 
Neutral 147 70.0 
Strong Positive 0 0.0 
Weak Positive 5 2.4 
Strong Negative 15 7.1 
Weak Negative 43 20.5 
   
May 2014 n Percent (%) of Total Observations 
Neutral 171 46.1 
Strong Positive 5 1.3 
Weak Positive 14 3.8 
Strong Negative 33 8.9 
Weak Negative 148 39.9 
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Table 6. Average densities, ?̅? (#/km2), of species within each stratum (h) in the FMG during 2013. 
The values in parentheses ( ) provide the upper and lower 95% confidence bounds on the estimated 
densities. 
Species ?̅?1 ?̅?2 ?̅?3 ?̅?4 
Amberjack spp. 
5  
(0, 14) 
0 0 0 
Angelfish spp. 
216  
(140, 327) 
83 
(42, 134) 
0 
36 
(4, 50) 
Boxfish spp. 
36 
(0, 84) 
5 
(0, 14) 
0 
6 
(0, 11) 
Butterfly fish spp. 
32 
(0, 76) 
0 0 
12 
(0, 24) 
Goliath Grouper 0 0 0 
3 
(0, 9) 
Gray Snapper 
174 
(88, 311) 
186 
(55, 375) 
0 
426 
(15, 797) 
Grouper spp. 
10 
(0, 25) 
0 
(0, 0) 
0 
6 
(0, 12) 
Hogfish 
4 
(0, 24) 
2 
(0, 9) 
0 
6 
(0, 12) 
Holocentridae spp. 
50 
(21, 83) 
25 
(5, 55) 
0 
14 
(0, 23) 
Jack spp. 0 0 0 
4 
(0, 10) 
Lionfish spp. 
13 
(0, 30) 
8 
(0, 22) 
385 
(0, 1155) 
32 
(0, 57) 
Porgy spp. 
24 
(6, 46) 
23 
(5, 48) 
0 
16 
(0, 24) 
Red grouper 
11 
(0, 27) 
28 
(9, 51) 
0 
6 
(0, 12) 
Surgeonfish spp. 
8 
(0, 24) 
0 0 0 
Triggerfish spp. 
19 
(0, 45) 
0 0 
7 
(0, 14) 
NoID 
714 
(415, 1224) 
489 
(331, 659) 
0 
422 
(124, 484) 
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Table 7. Average densities, ?̅? (#/km2), of species within each stratum (h) in the FMG during 2014. 
The values in parentheses ( ) provide the upper and lower 95% confidence bounds on the estimated 
densities. 
Species ?̅?1 ?̅?2 ?̅?3 ?̅?4 
Amberjack spp. 
14 
(0, 36) 
0 0 
7 
(0, 20) 
Angelfish spp. 
534 
(382, 709) 
91 
(56, 132) 
0 
27 
(0, 67) 
Boxfish spp. 
38 
(7, 82) 
14 
(3, 29) 
0 0 
Butterfly fish spp. 
62 
(17, 122) 
26 
(4, 55) 
55 
(0, 164) 
0 
Filefish spp. 
48 
(8, 96) 
18 
(4, 36) 
0 0 
Gray Snapper 
1,036 
(700, 1440) 
462 
(285, 667) 
316 
(29, 680) 
652 
(0, 1845) 
Grouper spp. 
30 
(7, 57) 
30 
(11, 53) 
0 0 
Hogfish 
40 
(7, 80) 
3 
(0, 10) 
0 0 
Holocentridae spp. 
138 
(65, 232) 
56 
(18, 105) 
194 
(26, 468) 
0 
Jack spp. 0 
18 
(0, 39) 
0 0 
Jackknife Fish 0 
19 
(4, 37) 
0 0 
Lionfish spp. 
36 
(7, 75) 
46 
(20, 77) 
107 
(0, 236) 
0 
Porgy spp. 
188 
(113, 266) 
37 
(15, 65) 
119 
(29, 240) 
7  
(0, 20) 
Snapper spp. 
196 
(61, 358) 
30 
(8, 66) 
0 
7 
(0, 21) 
Surgeonfish spp. 
31 
(8, 63) 
14 
(3, 29) 
29 
(0, 88) 
0 
NoID 
702 
(2121, 5686) 
499 
(863, 3159) 
528 
(284, 853) 
241 
(176, 3365) 
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Table 8. Average densities, ?̅? (#/km2), of species within each stratum (h) in MS during 2013. The 
values in parentheses ( ) provide the upper and lower 95% confidence bounds on the estimated 
densities. 
Species ?̅?1 ?̅?2 ?̅?3 ?̅?4 ?̅?5 ?̅?6 
Amberjack spp. 0 
117 
(48, 216) 
0 
89 
(0, 228) 
0 0 
Angelfish spp. 0 
58 
(15, 106) 
64 
(0, 156) 
663 
(248, 1153) 
0 0 
Butterflyfish spp. 0 0 
54 
(0, 214) 
53 
(0, 160) 
0 0 
Grouper spp. 0 
265 
(71, 530) 
201 
(38, 478) 
163 
(31, 328) 
0 0 
Holocentridae spp. 0 
304 
(63, 638) 
511 
(206, 925) 
1,966 
(985, 3160) 
0 0 
Lionfish spp. 0 0 
110 
(29, 191) 
212 
(0, 575) 
0 0 
Porgy spp. 
 
0 
31 
(0, 72) 
13 
(0, 38) 
565 
(222, 980) 
0 0 
Snapper spp. 0 
1,625 
(556, 2919) 
14 
(0, 42) 
0 0 0 
Triggerfish spp. 0 0 
14 
(0, 42) 
0 0 0 
NoID 
 
0 
1,721 
(1146, 2435) 
4,755 
(3404, 6375) 
5,836 
(4311, 7460) 
0 
1,368 
(559, 3144) 
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Table 9. Average densities, ?̅? (#/km2), of species within each stratum (h) in MS during 2014. The values in parentheses ( ) provide the 
upper and lower 95% confidence bounds on the estimated densities. 
Species ?̅?1 ?̅?2 ?̅?3 ?̅?4 ?̅?5 ?̅?6 
Amberjack spp. 0 
136 
(64, 216) 
0 
628 
(202, 1140) 
221 
(29, 545) 
0 
Angelfish spp. 0 
88 
(35, 149) 
95 
(0, 236) 
516 
(288, 784) 
74 
(0, 195) 
0 
Butterfly fish spp. 0 
26 
(0, 66) 
0 
308 
(96, 589) 
0 0 
Grey Triggerfish 0 
78 
(26, 137) 
0 0 0 0 
Grouper spp. 
84 
(0, 253) 
721 
(475, 981) 
98 
(0, 254) 
797 
(480, 1173) 
494 
(206, 850) 
0 
Holocentridae spp. 0 
846 
(527, 1189) 
84 
(0, 207) 
1,043 
(396, 1864) 
185 
(0, 507) 
0 
Jack spp. 
255 
(0, 764) 
0 0 
72 
(0, 190) 
0 0 
Lionfish spp. 0 
140 
(43, 272) 
223 
(39, 510) 
147 
(47, 266) 
0 0 
Porgy spp. 0 
94 
(27, 193) 
47 
(0, 141) 
273 
(95, 496) 
83 
(0, 249) 
0 
Snapper spp. 0 
1,003 
(132, 2386) 
0 
4,988 
(145, 14258) 
46 
(0, 137) 
0 
NoID 
1,744 
(841, 2870) 
1,725 
(892, 2998) 
385 
(113, 694) 
2,470 
(1621, 3406) 
1,261 
(531, 2272) 
351 
(179, 558) 
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Table 10. Extrapolated abundance estimates of fish species in the FMG in June 2013.  Total 
abundance is given including unidentified individuals (NoID) and when only identified individuals 
are included (ID).  
 
Species 
Stratum 
 
1 
 
 
2 
 
3 
 
4 
Total 
Estimated 
Species 
Abundance 
Amberjack spp. 0 820 0 0 820 
Angelfish spp. 42,781 36,952 0 15,601 95,334 
Boxfish spp. 2,498 6,160 0 2,443 11,101 
Butterfly fish spp. 0 5,508 0 5,226 10,734 
Goliath Grouper 0 0 0 1,421 1,421 
Gray Snapper 96,268 29,733 0 185,126 311,127 
Grouper spp. 0 1,640 0 2,509 4,150 
Hogfish 1,203 750 0 2,613 4,566 
Holocentridae spp. 13,040 8,488 0 6,189 27,716 
Jack spp. 0 0 0 1,570 1,570 
Lionfish spp. 4,263 2,194 86,000 13,835 106,293 
Porgy spp. 12,123 4,085 0 6,751 22,960 
Red grouper 14,477 1,943 0 2,509 18,930 
Surgeonfish spp. 0 1,378 0 0 1,378 
Triggerfish spp. 0 3,177 0 3,112 6,290 
NoID 252,884 122,104 0 183,803 558,792 
Total (NoID) 439,538 224,934 86,000 432,709 1,183,182 
Total (ID) 186,654 102,829 86,000 248,906 624,390 
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Table 11. Stratified mean abundance (?̅?st), variance of the stratified mean (S2(?̅?st )), standard 
deviation of S2 (?̅?st), and the coefficient of variation (CV) for extrapolated species abundances in the 
FMG based on 2013 data. 
 
Species Total Abundance (A) ?̅?st S2(?̅?st ) σ CV (σ/A) 
Amberjack spp. 820 0.61 109.18 10.45 17.15 
Angelfish spp. 95,334 70.81 49,234.39 221.89 3.13 
Boxfish spp. 11,101 8.24 4,261.95 65.28 7.92 
Butterfly fish 10,734 7.97 3,865.93 62.18 7.80 
Goliath Grouper 1,421 1.06 163.91 12.80 12.13 
Gray Snapper 311,127 231.08 1,723,888.88 1,312.97 5.68 
Grouper spp. 4,150 3.08 735.30 27.12 8.80 
Hogfish 4,566 3.39 1,058.74 32.54 9.59 
Holocentridae spp. 27,716 20.59 9,716.38 98.57 4.79 
Jack spp. 1,570 1.17 199.91 14.14 12.13 
Lionfish spp. 106,293 78.94 56,832.81 238.40 3.02 
Porgy spp. 22,960 17.05 8,787.25 93.74 5.50 
Red grouper 18,930 14.06 7,262.61 85.22 6.06 
Surgeonfish spp. 1,378 1.02 307.96 17.55 17.15 
Triggerfish spp. 6,290 4.67 1,444.30 38.00 8.14 
NoID 558,792 415.02 908,510.33 953.16 2.30 
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Table 12. Extrapolated abundance estimates of observed fish species in the FMG in May 2014. 
Total abundance is given including unidentified individuals (NoID) and when only identified 
individuals are included (ID). 
 
 
 
   
 
Species 
Stratum 
 
1 
 
 
2 
 
 
3 
 
 
4 
Total 
Species 
Abundance 
Amberjack spp. 2,372 0 0 2,848 5,220 
Angelfish spp. 91,265 47,112 0 11,771 150,148 
Boxfish spp. 6,466 6,995 0 0 13,460 
Filefish spp. 8,130 9,149 0 0 17,279 
Gray Snapper 177,090 238,900 70,491 283,822 770,303 
Grouper spp. 5,084 15,749 0 0 20,832 
Hogfish  6,810 1,686 0 0 8,497 
Holocentridae spp. 23,527 29,105 43,236 0 95,868 
Jack spp. 0 9,234 0 0 9,234 
Jackknife Fish 0 10,047 0 0 10,047 
Lionfish spp. 6,167 23,836 23,899 0 53,901 
Porgy spp. 32,079 19,018 26,635 2,944 80,675 
Snapper spp. 33,553 15,431 0 3,060 52,043 
Surgeonfish spp. 5,357 7,158 6,572 0 19,087 
NoID 119,936 258,086 118,024 104,954 601,000 
Total Stratum 
Abundance (NoID) 
528,360 704,839 301,074 409,399 1,943,673 
Total Stratum 
Abundance (ID) 
408,424 446,753 183,050 304,445 1,342,673 
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Table 13. Stratified mean abundance (?̅?st ), variance of the stratified mean (S2(?̅?st )), standard 
deviation of S2 (?̅?st), and the coefficient of variation (CV) for extrapolated species abundances in the 
FMG based on 2014 data. 
 
Species Total Abundance (A) ?̅?st S2(?̅?st ) σ CV (σ/A) 
Amberjack spp. 5,220 3.88 1,153.83 33.97 8.76 
Angelfish spp. 150,148 111.52 51,223.44 226.33 2.03 
Boxfish spp. 13,460 10.00 4,474.17 66.89 6.69 
Butterfly fish spp. 36,078 26.80 18,284.79 135.22 5.05 
Filefish spp. 17,279 12.83 7,646.94 87.45 6.81 
Gray Snapper 770,303 572.11 7,081,983.67 2,661.20 4.65 
Grouper spp. 20,832 15.47 9,018.79 94.97 6.14 
Hogfish 8,497 6.31 2,102.73 45.86 7.27 
Holocentridae spp. 95,868 71.20 60,198.22 245.35 3.45 
Jack spp. 9,234 6.86 8,274.88 90.97 13.26 
Jackknife Fish 10,047 7.46 5,434.18 73.72 9.88 
Lionfish spp. 53,901 40.03 17,877.18 133.71 3.34 
Porgy spp. 80,675 59.92 23,056.16 151.84 2.53 
Snapper spp. 52,043 38.65 35,465.61 188.32 4.87 
Surgeonfish spp. 19,087 14.18 5,518.22 74.28 5.24 
NoID 601,000 446.37 53,714,476.66 7,329.02 16.42 
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Table 14. Extrapolated abundance estimates of observed fish species in MS in June 2013.  Total 
abundance is given including unidentified individuals (NoID) and when only identified individuals 
are included (ID). 
*Stratum was not sampled 
 Stratum       
Species 1* 2 3 4 5* 6 
Total 
Species 
Abundance 
Amberjack spp. 0 2,324 0 244 0 0 2,568 
Angelfish spp. 0 1,143 2,962 1,823 0 0 5,927 
Butterflyfish spp. 0 0 2,466 147 0 0 2,613 
Grouper spp. 0 5,242 7,932 448 0 0 13,622 
Holocentridae spp. 0 6,014 23,516 5,408 0 0 34,937 
Lionfish spp. 0 0 5,048 583 0 0 5,632 
Porgy spp. 0 611 578 1,554 0 0 2,743 
Red Grouper 0 0 1,585 0 0 0 1,585 
Snapper spp. 0 32,175 649 0 0 0 32,824 
Triggerfish spp. 0 0 649 0 0 0 649 
NoID 0 34,079 219,017 16,051 0 269,882 539,029 
Total Stratum 
Abundance (NoID) 
0 81,588 264,402 26,258 0 269,882 642,130 
Total Stratum 
Abundance (ID) 
0 47,509 45,385 10,207 0 0 103,100 
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Table 15. Stratified mean abundance (?̅?st ), variance of the stratified mean (S2(?̅?st )), standard 
deviation of S2 (?̅?st), and the coefficient of variation (CV) for extrapolated species abundances in MS 
based on 2013 data. 
 
Species Total Abundance (A) ?̅?st S2 (?̅?st) σ CV (σ/A) 
Amberjack spp. 2,568 5.76 573.03 23.94 4.89 
Angelfish spp. 5,927 13.28 2,623.70 51.22 7.16 
Butterflyfish spp. 2,613 5.86 3,855.12 62.09 7.88 
Grouper spp. 13,622 30.53 21,212.04 145.64 12.07 
Holocentridae spp. 34,937 78.30 58,849.58 242.59 15.58 
Lionfish spp. 5,632 12.62 2,274.59 47.69 6.91 
Porgy 2,743 6.15 374.33 19.35 4.40 
Red Grouper 1,585 3.55 797.82 28.25 5.31 
Snapper spp. 32,824 73.57 123,606.88 351.58 18.75 
Triggerfish 649 1.45 266.53 16.33 4.04 
NoID 539,029 1,208.10 4,893,376.07 2,212.10 47.03 
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Table 16. Extrapolated abundance estimates of observed fish species in MS in May 2014. Total 
abundance is given including unidentified individuals (NoID) and when only identified individuals 
are included (ID). 
 
Stratum 
     
 
Species 1 2 3 4 5 6 
Total 
Species 
Abundance 
Amberjack spp. 0 2,690 0 1,726 335 0 4,751 
Angelfish spp. 0 1,744 4,386 1,418 113 0 7,661 
Butterfly fish spp. 0 522 0 846 0 0 1,369 
Grey Triggerfish 0 1,541 0 0 0 0 1,541 
Grouper spp. 15,132 14,285 4,523 2,191 750 0 36,881 
Holocentridae spp. 0 16,749 3,876 2,867 281 0 23,774 
Jack spp. 45,595 0 0 198 0 0 45,792 
Lionfish spp. 0 2,773 10,271 404 0 0 13,448 
Porgy spp. 0 1,857 2,159 750 126 0 4,892 
Snapper spp. 0 19,862 0 13,717 70 0 33,648 
NoID 312,474 34,151 17,738 6,792 1,916 69,113 442,184 
Total Stratum 
Abundance (NoID) 
373,200 96,173 42,954 30,910 3,591 69,113 615,941 
Total Stratum 
Abundance (ID) 
60,726 62,022 25,216 24,118 1,675 0 173,757 
 
Table 17. Stratified mean abundance (?̅?st ), variance of the stratified mean (S2(?̅?st )), standard 
deviation of S2 (?̅?st), and the coefficient of variation (CV) for extrapolated species abundances in MS 
based on 2014 data. 
Species Total Abundance (A) ?̅?st S
2 (?̅?st) σ CV 
Amberjack 4,751 10.65 611.03 24.72 4.97 
Angelfish 7,661 17.17 1561.76 39.52 6.29 
Butterfly fish 1,369 3.07 125.34 11.20 3.35 
Grey Triggerfish 1,541 3.45 239.31 15.47 3.93 
Grouper spp. 36,881 82.66 27284.63 165.18 12.85 
Holocentridae spp. 23,774 53.28 11147.41 105.58 10.28 
Jack spp. 45,792 102.63 187973.58 433.56 20.82 
Lionfish 13,448 30.14 5106.35 71.46 8.45 
Porgy 4,892 10.96 1164.71 34.13 5.84 
Snapper spp. 33,648 75.41 150090.62 387.42 19.68 
NoID 442,184 991.05 1127289.58 1061.74 32.58 
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Table 18. Unstratified average density, ?̅? (#/km2), and extrapolated abundance estimates of fishes based on 2013 (left) and 2014 (right) in 
the Florida Middle Grounds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Species ?̅? Total Abundance (2013) 
Amberjack spp. 1.58 2,130 
Angelfish spp. 114.07 153,589 
Boxfish spp. 15.25 20,532 
Butterfly fish spp. 13.59 18,304 
Goliath Grouper 0.81 1,090 
Gray Snapper 239.14 321,984 
Grouper spp. 4.59 6,182 
Hogfish 3.89 5,236 
Holocentridae spp. 30.23 40,709 
Jack spp. 0.89 1,204 
Lionfish spp. 20.24 27,253 
Porgy spp. 21.34 28,733 
Red grouper 16.66 22,436 
Surgeonfish spp. 2.66 3,577 
Triggerfish spp. 7.90 10,634 
NoID 540.75 728,070 
 
Total 1,391,663 
Species ?̅? Total Abundance (2014) 
Amberjack spp. 4.49 6,048 
Angelfish spp. 170.93 230,139 
Boxfish spp. 15.26 20,544 
Butterfly fish spp. 30.09 40,511 
Filefish spp. 19.53 26,296 
Gray Snapper 621.76 837,156 
Grouper spp. 21.96 29,572 
Hogfish 10.55 14,201 
Holocentridae spp. 70.94 95,517 
Jack spp. 8.98 12,090 
Jackknife Fish spp. 9.77 13,154 
Lionfish spp. 37.80 50,899 
Porgy spp. 69.20 93,170 
Snapper spp. 60.38 81,302 
Surgeonfish spp. 15.77 21,234 
NoID 491.44 661,687 
 
Total 2,233,521 
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Table 19. Unstratified average density, ?̅? (#/km2), and extrapolated abundance estimates of fishes based on 2013 (left) and 2014 (right) in 
the Madison-Swanson. 
 
 
 
 
 
 
Species ?̅? Total Abundance (2013) 
Amberjack spp. 57.49 25,649 
Angelfish spp. 118.00 52,647 
Butterflyfish spp. 23.36 10,423 
Grouper spp. 181.57 81,013 
Holocentridae spp. 507.95 226,635 
Lionfish spp. 59.26 26,440 
Porgy spp. 79.39 35,422 
Red Grouper 11.21 5,000 
Snapper spp. 663.83 296,187 
Triggerfish spp. 4.59 2,047 
No ID 3,110.62 1,387,889 
 Total 2,149,351 
Species ?̅? Total Abundance (2014) 
Amberjack spp. 168.59 75,220 
Angelfish spp. 128.11 57,161 
Butterfly fish spp. 58.94 26,299 
Grey Triggerfish 30.77 13,727 
Grouper spp. 457.32 204,045 
Holocentridae spp. 518.03 231,132 
Jack spp. 23.18 10,341 
Lionfish spp. 94.08 41,976 
Porgy spp. 89.37 39,874 
Snapper spp. 1,186.10 529,214 
NoID 1,361.10 607,291 
 
Total 1,836,281 
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CHAPTER FOUR: 
CONCLUSIONS 
 
 This study sought to determine if a towed camera system (C-BASS) could provide a viable 
alternative technology to aid in developing accurate, non-extractive population estimates for reef fish 
species.  Though further modifications need to be made to improve species identification ability, the 
data presented here demonstrate that C-BASS has the potential to supplement existing stock 
sampling methods.  With fisheries quotas often being highly contested by fishermen, imagery from 
this system also offers the ability to construct yearly stock estimates for the subsequent quotas set by 
management bodies.  
 
Reactive Behavior 
 Results of the observed and far-field behavior analyses suggest that reactive behavior may 
only minimally affect the fish abundance recorded in C-BASS imagery for most species of interest.  
The vast majority of fish observed on C-BASS imagery and analyzed for reactive behavior either 
exhibited neutral or weakly negative responses.  Initial results from the fixed camera experiments, 
although limited, also suggest that behavioral reactions of fish to C-BASS presence is weak to 
neutral.  However, most of the footage from sampling done in 2013 and 2014, as well as imagery 
from the UHSI cruise, was taken during the day.  In order to put more confidence in abundance 
estimates made during twilight, nighttime, and dusk, further behavioral analysis should be completed 
for different time periods as many fish exhibit altered behaviors between day and night (Helfman 
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1986) which could affect their reactions to C-BASS at different times of the day.  Light levels can 
also have a significant effect on fish reactions.  In a study done on how fish responded to a trawl at 
different light levels, it was found with less available light there were fewer instances of reactive 
behavior by fishes in the path of the trawl (Glass and Wardle 1989).  Therefore, further analysis of 
changes in reactive behavior at differing light levels due to depth, turbidity, time of day, etc. is 
needed to obtain accurate correction factors for abundance estimates which are associated with the 
conditions under which the survey was made.   
 
Absolute Fish Abundance Estimates 
The abundance estimates presented here were based on densities determined using area 
calculated by incorporating transect width estimates from the parallel laser method.  In any future 
work using the lasers, there are further steps that can be taken to ensure that calculations of the 
transect width using the lasers are as accurate as possible.  Ideally, the lasers would consistently hit 
the seafloor at the vertical midpoint of the image where the distance between the points was 
calibrated and measured before C-BASS was deployed.  Due to the heave of the ship and the 
amount of the hydrowire out varying with the depth of the system, C-BASS experienced a fair 
amount of movement which introduced error to the pitch readings.  This also means that the lasers 
did not always remain in the middle of the camera frame.  As previously mentioned, there was also 
an approximate 13% divergence between the total area estimates from the two approaches described 
in this study.  This was most likely due to the altitude values used in the calculations of the laser-
based method.  Unlike in the equation series where the altitude was adjusted (AA), the raw altimeter 
reading was used (AM) in the laser calculations which hits the bottom at an angle due to the slight 
incline at which C-BASS tows (Fig. 10).  The altimeter readings are also affected by the pitch of the 
system caused by the heave of the ship and line bring brought in and let out to raise and lower C-
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BASS, both of which further introduce error in the width estimates via the laser equations.  For the 
error in pitch readings caused by the heave of the ship, it is possible to remove the noise by applying 
a low-pass filter to the data to identify and remove this trend.  The adjusted pitch can then be input 
into the adjusted altitude equation (Equation 2).  To decrease the likelihood of introducing error 
from reeling the hydrowire in and out to adjust C-BASS’s position in the water column, a period 
when C-BASS’s depth remains relatively constant can be used to estimate the number of laser 
widths within a frame.  Once both of these corrections are applied, it is expected that the area 
estimates for each transect width calculation method will converge.    
 
Performance and Viability of C-BASS 
The overall success of the system navigating various bottom types while still collecting 
quality imagery was demonstrated by surveying the FMG, MS, and SL, all of which differ 
considerably in their bathymetries (Fig. 4).  The FMG is the shallowest of the three study sites with 
reefs concentrated in its northern section that have relatively gentle slopes compared to those in MS.  
Because its carbonate coral reefs are no longer accreting, the tops of ridges in the FMG are relatively 
flat so this area was considered as moderately difficult to survey using C-BASS.  The SL closed area 
is almost entirely flat with some sand waves in the northeast corner and small rock piles throughout 
the rest of the area which were observed on C-BASS imagery.  This was therefore considered to be a 
very easy area to survey.  The most logistically challenging area was Madison Swanson which 
encompasses a large, steep reef system along the bottom of the closed area, a ledge in the northeast, 
and several pinnacles and boulders in the western portion.  In successfully surveying each of these 
areas over three cruises, C-BASS demonstrated that it can be maneuvered over a variety of bottom 
types while still collecting usable imagery for fish counts and habitat mapping.  This instills 
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confidence that as operations are scaled up to cover the entire West Florida Shelf, C-BASS will likely 
be capable of covering any potential bottom types.   
There are six general pieces of information needed to calculate accurate and precise absolute 
abundance estimates of reef fishes from C-BASS data: 
1. Total Sampling Area   4.   Degree of Gear Avoidance/Attraction 
2. Area of Each Stratum   5.   Species Identification 
3. Stratified Density Estimates  6.   Sighting Probability 
In this study, the first three pieces of information have been successfully obtained.  The total 
sampling area estimates and stratification schemes were easily made using ArcMap (ESRI 2013) and 
would be possible with any GIS software package.  Density estimates could then be stratified based 
on timestamps on the video paired with timestamps along the shiptrack plotted in ArcMap.  The 
fourth piece of information needed was investigated here with results thus far indicating a lack of 
strong reactive behavior towards the system, but numerical correction factors based on more 
experimentation using the camera pods are still needed.  The fifth requirement is accurate species 
identification.  For this research, results were generally presented only to genus (e.g. snapper spp., 
grouper spp.) but for the data to be useful from a management perspective, increased resolution of 
species identification will be necessary.  The one piece of information that was not addressed in this 
study was the probability that fish would be sighted along a transect.  This can also be thought of as 
detectability which declines the further away a fish is away from the center of the transect line.  
Detectability is an important parameter to estimate as it can change due to a variety of survey 
conditions and determines the actual amount of area that was sampled (Beavers and Ramsey 1998).  
This in turn influences the accuracy of density estimates and is therefore an important next step in 
further developing this survey method. 
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Next Steps 
Target species for sampling using C-BASS are Red Snapper (Lutjanus campechauns), Vermilion 
Snapper (Rhomboplites aurorubens), Red Grouper (Epinephelus morio) and Gag (Myceteroperca microlepis).  
With the exception of some easily identifiable Red Grouper, most individuals from these two groups 
were not classified to species level as video quality is not yet high enough to do so and be confident 
in these identifications.  Two approaches to this dilemma are possible.  First, a “confidence” level 
can be assigned to each species identification to be used in adjusting the species group totals.  
Second, the analog cameras currently on the system can be upgraded to a higher-end model which 
better handles low light conditions and records in greater resolution.  Likewise, the HD cameras on 
C-BASS have difficulty in producing sharp images under low light conditions so adjustments to 
these can also be made to aid in recording significantly higher quality video for identification of fish 
species.   
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APPENDIX B: 
 
C-BASS INSTRUMENT AND HARDWARE SPECIFICATIONS 
 
 
Instrument Model Specifications 
Cameras 
Analog 
Cameras (x4) 
PC887WR, 
PC88WR 
550 Scan Line, 92° FOV, Sony Super HAD CCD 
Imager 
Video Server Axis Q7404 
4 channel Ethernet video server, recorded in 720x480 
pixel resolution at 30 frames/second MJPEG in AVI 
container, live viewing is done with a simultaneous 
H264 stream at 320x200 pixel resolution 
HD Camera 
(x1) 
Arecont AV10005 
1920x1088 pixel resolution, 15 frames/second, MJPEG 
in AVI container 
Lens (for 
Arecont 
Camera) 
Lensagon CY0316 
3.5mm F1.6 C-Mount Lens for 1/2" CCD Sensor 
HD Camera 
(x1) 
AVT Prosilica 
GT1920 
 Prosilica records individual .jpg frames at 12-13 
frames/second at 1936x1056 pixel resolution 
Lens (for AVT 
Camera) 
Schneider 3 Mega 
Pixel Cinegon 
1.8/4.8 
5.0mm F1.8 C-Lens for 2/3" CCD Sensor 
Sensors 
CTD RBR XR-420 Marine Conductivity, Temperature, and Depth Logger 
Flourometer 
WET Labs 
FLNTU 
Chlorophyll (470/495nm) and Turbidity (700nm) 
Fluorometer 
Altimeter Tritech PA 200/20 
Records altitudes up to 50M via a 500 kHz, 6 degree 
conical beam 
Compass 
Honewell 
HMR3300 
Provides 3 axis measurements at up to 8 Hz 
Arduino 
Microcontroller 
ATMEGA32u4 
Runs at 16 Mhz through USB, turns on computer 
during power up, reads two thermistors for internal 
temperature and two internal leak detectors 
Forward 
Looking Sonar 
DIDSON 300M 
1.8 MHz sonar, beamwidth 0.3h x 14V 
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Appendix B. Continued. 
Instrument Model Specifications 
Lighting and Lasers 
Lasers (x2) DPSS-5B 5mW green point laser 
LED Lights 
(x4) 
Bridgelux                        
BXRA-56C9000-J-
00 
85W LED arrays, provides blue-tinted lighting at 304 
watts 
Computing and Storage 
Towbody 
Onboard 
Computer 
Xi3 X5A 
XI2 duel, 64-bit AMD 1.8 GHz computer, runs 
Ubuntu Linux, runs flight pages using HTML and 
JavaScript on client side, python and MySQL db 
serverside 
Hard drives 
(x2) 
OCZ Vector SSD 
Solid state, 480 GB, also include 30GB solid state drive 
running Ubuntu Linus 12.04 precise pangolin 
Communications and Power 
Winch Cable 
Tyco Hydrowire 
A301592 
0.322", 3 conductor cable, 4000m length 
Slipring IEC BX-4 4 Conductor, 1000VRMS slip ring 
DSL Modem 
Black Box 
LR0020A-R2 
DSL Network Extender providing 1.5Mbps bandwith 
communications 
Power 
Transformer 
Toroid 
Technologies    
TR1250-0001 
Step up / Step down transformers converting 208VAC 
vessel power to 750 VAC for transmission through the 
winch, converted back to 202 on the towbody 
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APPENDIX C: 
ACRONYMS 
AFSC   Alaska Fisheries Science Center 
AUV   Autonomous Underwater Vehicle 
C-BASS  Camera-Based Assessment Survey System 
DIDSON  Dual Frequency Identification Sonar 
FMG   Florida Middle Grounds 
FOV   Field-of-view 
GOM   Gulf of Mexico 
HAPC   Habitat Area of Particular Concern 
MPA   Marine Protected Area 
MS   Madison-Swanson 
NMFS   National Marine Fisheries Service 
NOAA   National Oceanic and Atmospheric Administration 
NWFSC  Northwest Fisheries Science Center 
ROV   Remotely Operated Vehicle 
SEAMAP  Southeast Area Monitoring and Assessment Program 
SEFSC   Southeast Fisheries Science Center 
SL   Steamboat Lumps 
UVC   Underwater Visual Census 
UHSI   Untrawlable Habitat Survey Initiative 
